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Abstract 

in 

Results of calculation of all subprocesses in proton-antiproton colli- 
Q\ sions which contribute to the W+2jets final state are presented at Teva- 

tron energy. The calculation has been carried out by means of the Com- 
^ pHEP software package. A detail comparison with VECBOS generator 

results for cross sections and various distributions shows an agreement 
at the level of Monte-Carlo accuracy. Therefore the additional indepen- 
dent check of VECBOS generator has been done. In complement to 
the VECBOS generator a new generator based on CompHEP allows to 
study individual subprocesses like Wbb or Wcc. The last point is im- 
portant, for instance, for study Wbb part of the background for single 
top or Standard Model Higgs signal at Tevatron. 

o\ 1 Introduction 

O | Reactions with jets production at Tevatron provide a very important part of physical 

I backgrounds to a different signal processes, like strong top pair production [1, 2], elec- 

troweak bosons pair production [3, 4], electroweak single top production [5, 6, 7, 8, 9, 10, 

pH 11, 12, 13, 14, 15, 16], Standard Model Higgs production [17, 18]. In various searches 

VECBOS generator [19] has been used for such a background simulation. The processes 
with W + 2,3,4jets have been calculated in the past [20]. The calculations of the Wbb 
processes including b-quark mass have been carried out in [21]. 

In this paper we present additional detail comparison of the rates and distributions 
between VECBOS and CompHEP for the simplest ( from calculation point of view) case of 
W+2jets production taking into account all nontrivial masses. Also contributions from dif- 
ferent parton subreactions are presented separately. CompHEP [22, 23] is known software 
package for automatic calculation of cross sections and distributions for particle processes 
in Standard Model or any model which can be easily inserted by user ( e.g. composite 
models, supersymmetry, model with leptoquarks). 

For a comparison we did not include sea s - and c - quarks in the initial states. In fact 
this contribution is about 5 % from the total W+2jets rate. We also did not include any 
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Figure 1: diagrams for the most important subreactions for W+2jets background process: 
A) ug -> W+dg, B) gd -» W+ug and C) ud -» VF+ffff 



fragmentation of partons to jets. So we considered final states just on a parton level for 
both VECBOS and CompHEP. 

There are many electroweak diagrams in the Standard Model which contribute to the 
W+2jets final state. The complete set of Standard Model diagrams one can easily get using 
the program CompHEP. However like in VECBOS we have taken into account only the 
strong diagrams which provide the dominate contribution. An example of such diagrams 
for the most important subreactions is presented in Fig.l. In Fig.l the CompHEP notation 
for particles are shown. Namely, small letters 'u' and 'd' correspond to the quark line and 
capital letters 'U' and 'D' correspond to the anti-quark line. Capital 'C denotes the gluon 
line, 'W+' corresponds to the W + -boson. 

In the calculations we have used for both VECBOS and CompHEP the CTEQ2pMS 
set of structure functions [24, 25] with QCD scale chosen equal W-boson mass and Xqcd = 
0.135 GeV. For all partonic jets in the final states the Ptj > 20 GeV cut has been used 
and we have used 8Rjj > 0.5 cut for jet separation. 



2 Rates and distributions 

With assumptions mentioned above we have got the following total rate for the process 
pp — > W + 2jet at the 1.8 TeV Tevatron energy: 
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Table 1: Contributions from different subreactions for W+2jets background 
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CompHEP : pp — ► W + 2 jet 130.0 pb 



vecbos : pp — ► W + 2jet 127.3 pb 

Therefore the difference is of order of 2% and it means the results are in an agreement 
within an accuracy of Monte-Carlo calculation. 

Contributions from different subreactions are presented in Table 1. 



Table 2: Main processes for W+2jets background 
process cross section 



ug -> W+dg 40.6 pb ( 31.2% ) 
gd ! -» W+ug 16.0 pb ( 12.3% ) 
ud -» Vr+ ffff 33.0 pb ( 25.4% ) 




Figure 2: distribution of a jet with a maximum and minimum Pt 

In all cases the integration over initial parton distributions has been performed. In the 
Table 1 the first initial parton is in the proton and the second one is in the antiproton. It 
is interesting to point out that about 68.9 % from the total rate is coming from the three 
dominating subprocesses (see Fig.l) listed in Table 2 once more. 

In Table 1 the comparison between CompHEP and VECBOS is presented for different 
sets of subprocesses combined according to the initial parton states configuration. These 
sets are used in VECBOS. One can see a reasonable agreement for all cases. 
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Figure 3: Pseudorapidity distribution of a jet with a maximum and minimum Pt 

In Fig. 2 the Pt distribution of a jet with a maximum and minimum Pt is shown. The 
CompHEP Pt distribution is a little bit harder at high Pt- However this difference is of 
order of statistical fluctuations. 

In Fig. 3 pseudorapidity distributions are demonstrated. One can see that the difference 
between CompHEP and VECBOS for the same jets with a maximum and minimum Pt 
is rather small like in previous case. 

For various physical cases it is very important to know invariant mass distributions. 
The invariant mass distributions of two jets and W and jet are shown in Fig. 4. One can 
see a very good agreement for VECBOS and CompHEP results. 

3 Conclusions 

We have calculated contributions from all subprocesses to the W+2jets production pro- 
cess at Tevatron using CompHEP program. For calculation of the total rates CompHEP 
program has been used itself while for event generation and analysis of the various distri- 
butions special event generator on the base of CompHEP package has been created. 

The only QCD part from a complete set of tree level diagrams has been taken into 
account. For a total rate and basic distributions an agreement between CompHEP and 
VECBOS results at the level of statistical fluctuations has been found. It means an 
additional independent check of a VECBOS generator has been done. This is important 
because the VECBOS has been used in particular for a background simulation in the 
top-quark analysis and discovery [I, 2]. 

One can stress, however, that in the VECBOS case user can not get an information 
for an individual subreactions listed in the Table I. But in some cases it can be very 
useful. For instance, the process with Wbb production provides an important background 
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invariant mass of W+jet [GeV] 

Figure 4: Invariant mass distributions of two jets and W and jet are shown 

for searches for single top (see [16] and references therein) or SM Higgs [17, 18] in case if 
an effective b-tagging procedure is used. 

With the help of CompHEP one can separately calculate and analyse each of the 
subreaction, in particular, with Wbb or Wcc production taking into account fermions 
masses. Complete tree level calculations in Standard Model for the reactions Wbb and 
Wbb+ jet including all nontrivial masses have been done in [26] using COmpHEP package. 
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